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????????????? T????? T???????????????? T0?
?????????? 2????????????????? 100[K]???? Tc???
Hg-1223?? 3(c)???? 3??CuO2???????? La2 xSrxCaCu2O6??? 2?























? 3: ???????? 2???? (a)1??(b)2??(c)3??????
??????? 1.4???????????????????????????????









??????????????????????? ab????? ab ? c??????
c?? 4??? [7]??????? c???????? ab??????????????
????????
? 4: La2 xSrxCuO4???? ab??? c??????? ab?c???????
????????????????????????????????????????
??????????Hc1?????????????????????Hc1 < H < Hc2
3
? 5: (?)Hc2?????? [8]?0?? c????90?? ab?????(?)ab???Hc2
?????? [8]?
???????????????????Hc2???????????????????
?????Hc2??????? La2 xSrxCuO4(x = 0:14)???????????? 5?
????? [8]??????????????????????????ab???Hc2?
? 5???????????? ab???? 4???????????????????
????? d?????????????????
?? d??? 6?? 8???????????????? (T??)????? dx2 y2
? d3z2 r2 ??????????????? [? 6]????T0????????????
???????????? dx2 y2????????????????? dxy???d3z2 r2
????????????????????? T0??????? c?????????
??????????????? d3z2 r2 ????????? dxy??????????
???????????????????????????? 3d9??????????
zxyzxy d,d,d






? 6: ?????????????? d????????
T??????? dxy?dyz?dzx??????????? dx2 y2????? d3z2 r2???
?? 3????????








???????????? [11](? 7) ????? (x=0)???? 2eV????????
??????????????????????????????? dx2 y2??????
????????????????????????????????????????
(x > 0)??????????????????????????Drude?? (! = 0?
??) ???????????






Si  Sj (1)
????????????????????? Si?????????????????
????????????????????????????????????????
??? [12]???????????? J????? 1000K??????????????
?????????????????? J ???? 1000K?????? [13]?????
?????? J? 780K?? [14]????????????????? 2???????
??????????????????????????????
2?????????????????? ????????????????????
















? 9: (a)1=T1T ?????? [16]?(b)ARPES??? j(k)j?????? [18]?
??????????? (ARPES)?????????(k)?????? [? 9(b)] ?















? 10: ARPES??? La2 xSrxCuO4??????????? [20]??????????













????? [26]?????? T ?????????????????????????
????????????????????????????????????????



















































? 12: ?????????????????? Tc????????????????(a)
?? [33]??? (x=0.14?? 0.2?????????)?????? (x < 0:14?????
??)?? Tc??????? T onsetc ???? T endc ??????????????????
?????????????????MBE(Molecular Beam Epitaxy)????????
?? T onsetc ????????MBE???????? T endc ?(b)??? [35]???????
????????????????????????????????????
(a) (b) (c)










? 14: ?????????????? Pr0:89LaCe0:11CuO4???? ARPES?????
??????????????? [37]???????k / cos kx   cos ky???????
???? a?????????? (3.8301A)??????????? (4.005A)???











































???????????????????????? 1???? 2??????? 2??
?????????????????????????????????? 3d9? dx2 y2
???????????????? 2p4?????? d??? p???????????
??????????? 15?????????
???????????????????????????? dx2 y2?????? p?












???????????????????(b)?? j? j + x^=2?j + y^=2?????
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????dj; (dyj;)? j????????????????????? (??)?????
?????pjx^=2(y^=2); (pyjx^=2(y^=2);)? j x^=2(y^=2)????????????????







j+x^(y^)=2;pj+x^(y^)=2; ?????????1(x^ = y^ = 1)

































??????????? tpd = 1(????????)????????????????
?????????? t0??Ud??????????????
 = (Nh  NCu)=NCu (9)
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? 4?????????Nh?????????? 1    5????????? ?
???????????????????????? (?????)????  = 0???


























? 18:  = 0??? Ud????????????????????????????
??????????????????????????????????????
???t0?????? Ud = 0?????????????????????????
























? 19: Ud = 0? = 0???????????? (L = 100? = 2)?t0 =  0:4(?)?
t0 = 0:4(?)?????kx = 0??????????????????-????????
??????????
?????????????? t0  0??????????
1.2.2 t-J ??
Zhang?Rice? d-p????????????????? t-J?? [50]???????








(1  ndj; )dyj;di;(1  ndi;) + J
X
<i;j>
Si  Sj: (10)




??????????????????? (T = 0)?????????????????
????????????????????????????????????????







? [53]??????t-J??????????? [54,55]??????????? 20??
???????????????????? [55]?J=t???????????? ??




? 20: ???????????????? t-J ????? [55]?
t-J ???????? d?????? s????????????????????
???? [56]?bij = (cj#ci"   cj"ci#)=
p
2 ????????????????????










(x cos kx +y cos ky): (11)





























(1  nl;)(cyl; ci; )(cyi;cj;)(1  nj; ) + h:c:
35 (13)
????????? [i; (j 6= l)]? i???????? j? l?????????????
???????? J = 4t2=U ????3??????????? t-J?????????
?U !1???????????????????????????????????








? 21: ??? t^0????? t^00?????????
???????????????????????????????????????


















1.2.4 ??????????????? t-J ??
???d-p??????????????????? Ud??????????? = 0

















??????? [? 22(a)??]?Hd-p +Hxxpp ??????????????????


















































































23(a)]?????????????????????????????? t0=t =  0:3[Hd -p








? 23: ?? [58]???????????????????????? ????????
???? = 0????????????S(qpeak)??????????????????
????Pdx2 y2?d???????????????????U=t = 10?????2???
????????? t0??????(a)t0 = 0?PS?????????(b)t0=t =  0:3(??
???????????????????????????)?????? (a)????
???????
???????????????? (Density Matrix Embedding Theory)??????
??? [59]?3?????????? t0????U -n??????? 24?????t0 = 0
?????????????? 10%????????t0???????????????
????? U & 4????? 20%???????????U ????????????









????? 5?????? (?????????????????8??????) ???
????????????????????????????????????????
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? 24: ?? [59]???U -n??????????n?????? n= 1????????
????????????? t? 1??????3??????????????????

































? 25: T = 0:01eV????????????????????? ????????
???????????? [63]????????????5??????? 5?????
????5??????????????????? T = 0:003eV???????




?????????????Medici?????????? [64]?? 27?U  ???
???????????-????????? [64]?????????????????
? U   ("p   "d)????????Hd-p?????????????????U ? Ud




? ^ ???c2???????????? 27???????????????????
????? Ud????????????????????????










???????????? (????????)???????? d-p ?? (Hd-p)??
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? 26: (??) 0(Cu? O????????????)???????????? [45]?
AFM??????PM???????d-wave ? d?????????????????
? t0????????????????? (Ud =1)????????????????
???????????0 = 2?nh = 1+ ????(??) tpp??????????
??? [46]??????? Ud = 8????????????????????????
???? tpp = t0?"p   "d = ?Hole density= ????SDW??????????
? 27: ??????????????-?????? [64]??????????????
?????????????????????????????? = "p  "d(^??
?) ?? = (U   ^)=1:6?????? (Ud = U=1:6)?????? [64]?? tpd = 1:6[eV]
????????????????? 1.6???????
22












NMTO? (N Mun Tin Orbital method:?????????)??????????
????????? T??? T'????????????? t(??????????)













compound  [eV] Ud [eV] jtpdj [eV] jt0j [eV]
NCCO( [65]) 1.61 8 1.16 0.54
NCCO( [63]) 1.83 10 1.18 0.621
NCCO( [67]) 1.42 10 1.18 0.69
PCCO( [65]) 1.65 8 1.17 0.54
LSCO( [65]) 2.76 8 1.41 0.66
LSCO( [67]) 0.918 10 1.357 0.841
LSCO( [68]) 3.5 9.4 1.5 0.6
LSCO( [69]) 3.6 10.5 1.3 0.65





??????????? (constrained-RPA: cRPA)??? Ud? ????????
Jang???????? [70]??????????????????????????












???????????????????????? (Staggered Flux)[? 30] ?Varma

































????????????????? T ! 0?????????????? [72,73]??
????? (current?????)???????????????????? (normal?
????)????????????????????????? (Scurrent < Snormal)??
??????????????????????????Ecurrent?Enormal??????
????????????????????????????????? (F = E   TS
????)?????















(60)? 1 = =8????? (??  ux)??????????????? 1?????
??????????????????????????1 = =8?????? 30(a)?


































??????? t-J??????????? (?????????)???? d????
????????????????????????????????????????
????????????????????????? [29, 75{78]?? 32??????
???????????????????????????? [78]?n = 1???? d?
???????????????????? ( ux) ????????????????
??????? Ivanov?????????????????????? [79]?
d-p??????????????????? [80]????????????????
?????????????? (?? [80]???  Loop-Current???????)???
????????????????????????????????????????
?????????? Vdp????????????????????????????




????? 30(b)? (c)???????????????????????? T = T ??








? 32: ?? [78]??? t-J???????????????? (n = 1??????)?AF
????????d wave? d???????? ux?????????1??????
??????? ??????GWF???????????????????????
???????????????????? (n = 1)?????????????
??????????????????????????????Weber?????
????????????????? [84, 85]??????????? 3.3??????



























?????????????????? jtpdj = 1:3eV?jt0j = 0:65eV? = 3:5eV?Ud =

































????? [85]???????????????????????? 3???? d-p?














? 34??????????????????? jtpdj = 1:4eV?jt0j = 0:3eV?jtppj = 1eV?















? 34: (a)?? [85]??? d-p????????????? ("p  "d)=1:4 = ?????


























































































(1)?????????? 	(r1; r2;    ; rNh ;1; 2;    ; Nvar)????????? R =



















































????P (R)  0??PR P (R) = 1??P (R)????????????????P (R)
?????????????R?????????????????????????
???????????????????????????
hRj	i = 	(R)?hR0jHjRi = HR0R?????????? P (R)??????????
???????????Nsample ??????????????? (27)????????





















Rt (P (Rt)=P (Rm) > )
Rm (P (Rt)=P (Rm)  ) (30)





Rt (P (Rt)=P (R
1
t ) > )
R1t (P (Rt)=P (R
1





?????????????????? (thermalization)???????? (Rj+1t 6= Rjt
?????)? n????? (acceptnce ratio) ? 0:5?????????n??????
100???????????????????? d-p?????Ud?????????






















( Ql   Q)2 (32)
?????????????????????? Ql???? ~Q ???????????
???? Q????????????????
2.3 ?????????????









????gk = @E=@k?hkl = @2E=@k@l????h??????????????
???????????h?????????????????U ??? h??????




















????????? ????????????????????? ~i = ~gi=~hii ,  =







Sij = h~	ij~	ji: (35)

































?????????????????????t??????? =  tS 1g ???
????????t = 0:2  1??????
???????????????????????????????????????
????? [93]???????????????????j~	0i = j~	i??????????
?????????????????????????? j~	0i? j~	ii(i = 0; 1;    ; Nvar)
???????? j~	0i =Pi xij~	ii? xi????????????????H????
??????? exp( H)j~	0i?  ??????????? xi?????????







??B?????? x / ????
?????????????? S???????? "??????????????
? S????????????? =  tg???????????????????
? S?????????????????????????????????????











? [94]???????? P ???????????????	 = P??????
???????? (FS)?????? (SC)??????? (AF)??????? (Staggered










































































































































































(1  f 0j)(1  g01j)(1  g02j): (44)













































































































































???????????? 1??????????????? [? 37(b)]???????
?????????????????????? 37(c)???? 37(d) ????????
????? 2????????????????????????P1 ????? 37(b)?





































































































? [(1=2;1)? (1;1=2)]?4??????????? [(0;2)?(2; 0)]?5????
???????? [(0;3=2)?(3=2; 0)]????f7????????????  0????






















???????? f1(0; 0; 0); f1(0; 0; 1);    ; f1(2; 8; 8)????????????????























































???Ax = 2tpd sin kx=2; Ay = 2tpd sin ky?B = 2~t0[cos(kx=2+ ky=2)  cos(kx=2  ky=2)]?
C =  2~txxpp cos kx; D =  2~txxpp cos ky????FS??????????????????
??????????????t0?txxpp????????? ~t0?~txxpp?~????????
??"ik? i? 3?????????????????~t0 = ~txxpp = 0????? "1k? 3??
????????????????"3k??????????????~t0 6= 0?~txxpp 6= 0??
??????? "1k < "2k < "3k?????????????????????????~t0?
~txxpp ???????????????????????????? "ik?????????
?????~t0 = ~txxpp = 0????? 1=6?5=6????? ( = 0; 4) ??????????









jkyj =  jkxj+???? (kx; ky)???? "1(3)k ???????????????????
41
????????? "1(3)k ????? (??)???????????????~t0 = ~txxpp = 0
??? "2k = ~????

















("1k   ~)2 + jkj2
; (58)
??????????????????????d??????ext-s???????? [46]
????????????????????????????k = dk+eiSCext-sk ?dk =
d(cos kx cos ky)?ext-sk = ext-s(cos kx+cos ky)????d?ext-s?SC(0  SC < 2)
?~??????????? (~t0?~txxpp?~???????????)?d? d???????
ext-s??? s?????????ext-s(d) = 0??????? dx2 y2(ext-s)?????
???SC = ????????????????? s+ id???????d = ext-s = 0


































0 eikx=2 i1  eiky=2+i1 0  e ikx=2 i1 e iky=2+i1
e ikx=2+i1 ~ B1  eikx=2 i1 C B3
 e iky=2 i1 B1 ~ eiky=2+i1 B4 D
0  e ikx=2+i1 e iky=2 i1 0 eikx=2+i1  eiky=2 i1
 eikx=2+i1 C B4 e ikx=2 i1 ~ B2












????????B1 =  2~t0 cos[(kx   ky)=2   2]?B2 =  2~t0 cos[ (kx   ky)=2   2]?
B3 = 2~t
0 cos[ (kx + ky)=2 + 2]?B4 = 2~t0 cos[(kx + ky)=2 + 2]????C?D?FS?













? 40: ddw???? 1? 2??????????1???????????2???-
????????????






















































































0 iAx  iAy fAF 0 0
 iAx ~ + C B 0 0 0
iAy B ~ +D 0 0 0
fAF 0 0 0  iAx iAy
0 0 0 iAx ~ + C B











?????MBZ?Magnetic Brillouin Zone??? jkyj <  jkxj???????Q = (; )







































E? t0???????????????????? ! 1?????Ud > 0???
????????????????????????????????????????
??????????????????????E ! 0(!1)??????!  1












???????????????????? t0?????? nO????? [(? 42(b)]
???????
??????????? [? 42(b)]????????? = 0????? nCu + nO = 1
????nCu???????????nO????????????????????
Ud > 0???? ! 1???????????????????????? nCu ! 1
??????? !  1???????????????????????????






















































? 42: (a)Ud = 10?????????????????????????(b)Ud = 10
??????????????????????????????????????
???????????? (??)?


























??????t0 = 0:6????? . 2?????Et???????????????
?????!  1?????????????????????????Et ! 0??
???????????Et?????????????Et < 0??????????














????????! 1 ???????????????Ud > 0???!1??

































































































??????????????????????????? (0; 0)!X(; 0)!M(; )!  
??? (? 44???)??????????? X??M!  ??????? (=2; =2)
????????????????????????????? Z ??????? 2?
????????????????????????????????????????






k (i = 2; 3)????
??? 0.1?????]????????????????????? L = 14????
t0 = 0?Ud = 10????????????? 45(a)? n1k ????????? 45(b)??
????????  3:6???? > 3:6??X???? (=2; =2)????????
???????????????n1k ???????????????Z??????M
??? (=2; =2)???? ??? (=2; =2)?????????? 2???? 3???
???????????????????????(=2; =2)?????Z??????



































































? 45: (a)???????? n1k ????????????????????????(b)














eiq(ri rj)hSzi Szj i (73)
??????????Szj = 12(n
d
j;" ndj;#)????? 46(a)?Sq????????q = (; )
???? Sq????????????????????????????? 42(b)?
?????? nCu?????????????????????????nCu = 0??
?? S(;) = 0??????????????? S(;) = 0????? (????????
? S(;) = 0??? nCu???????? S(;) = 0???????)?? 47??Ud = 0
???? Sq????????? < 0?? nCu???????? q = (; )???
? Sq?????????????? S(;)???????????????????
















































? 46: (a)L = 14?t0 = 0?Ud = 10????????????Sq?????(b)q = (; )
???? Sq????????????L = 8-20??????????????????
???????????????? 1=L2????????







































































































































































?????????? hf(l)i??????????? hf(l)i?????????? 1??




0 (hii = 0)









































??????? 50(a)? hf(l)i? Ud????????hf(l)i??????????? Ud
??????????????????????? Ud & 2? nCu??????????
????????????????????????????????????????
??????????????????????? [? 50(b)]????????????






































































































? 51:  = 4??????????????Ud????????? t0????????
????(a)Et?(b)Et0?(c)EUd?(d)E?????????????????
54





??????????????????? 49(b) ? nCu???????????????




??Et0 ? t0?????????????????????? Ud?????????
???????????????????????Et???????????????
? Et????????????????Et0 ? Et?????????? Ud?????
????????????????EUd??Ud????????????????? [?
50(b)]? Ud?????????? Ud( 3)????????Ud ! 0? Ud ! 1???
???????????E? nO??????? nO???????????????
???????Ud????????????????????????? t0 = 0?
????Ud  6?????????????????????????????????
??? 52(a)????????????????Ud < 6?X???? (=2; =2)???
?????????? Ud  6?????????????????Ud > 6?????









































FS, L=10, t′=0, ∆=4, δ=0
quadratic
? 52: (a)t0 = 0? = 4??????????????? Ud????????????
(b)?????????? (a)? (=2; =2)??? 2????????????????
????????Z = 0?????
????Ud????????????????????????????????

















??????????????????????? 53(a)? ??????? 4???
???????????????????????  = 0?????????(t0;) =(0,
2)? (0.2, 2)?????????(0, 4)? (0.2, 5)???????????????? 6= 0
????????????????????????????????????????
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t′, ∆     nCu
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? 53: (a)?????? ????????????????(b)???????????
????????? ????????????????????  = 0?????






n1   n2 (77)
????????? n = (n1 + n2)=2 (n1 > n2)????  0??? ?  = 0????
????????????????????????(t0;) =(0, 4)? (0.2, 5)????E
?  < 0?????? > 0??????????????(t0;) =(0, 2)? (0.2, 2)? 2?
????  > 0????????????????????????????(t0;) =(0,
4)? (0.2, 5)??   0???? ????????????????????????
???? (????????:c = (@=@) 1 > 0)?
???? > 0?   0??????????? !  1?????E ! 0?????
??????????Hpd?Hxypp ????????????????? 1??????
???????????????????????????????????????
?Hpd?Hxypp ???????????????? E < 0??????????????
E < 0( = 0)?? E = 0( =  1)?????????? 0:5    0????? 
??????? E?????????????  > 0????????? = 5(???
??????????????)??E = 4 + Ud????? 0??????????
4 + Ud > 0????????E????????????????????????
?????????? (t0;) =(0.2, 2)?????E??????? ????????
 > 0????E?????????????????????
??? < 0?????????????????? [?53(b)]???????? (t0;) =(0,
2)? (0.2, 2)????nCu?nO??????????????????????????
?????????????????????? = 0??????????? (t0;) =(0,
4)? (0.2, 5)?????nCu? nO?????????nCu???????nO?????
???????????????????????????????????? = 2?
????(t0;) =(0, 4)? (0.2, 5)???????????????????????
???????????????
??   0????????????4?? (t0;)?????nCu?????? nO?
?????????????????????????????????????  0
?????? > 0?????????????? 1????????????????
???????????????????Ud??????????????????




? 10 >  & 2)?????????????????????????????
?????????? (t0;) =(0, 4)? (0.2, 5)?????   0??? nCu(nO)?
? (?)?????????????????? 2?????  = 0?????????
????????????????????????????????????????
???????????????  = 0??????????????????????








































































































































































, FS, t′=0.2, ∆=5
? 54: ???????n1k ????????????????? [(a)?(c)?(e)?(g)???
???]?   0??????? [(b)?(d)?(f)?(h)??????]?   0????(a)?
(b)? (t0;) =(0, 2)????(c)? (b)? (t0;) =(0.2, 2)????(e)? (f)? (t0;) =(0,
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? 56: ?????????? ????????????????(a)Et?(b)Et0?(c)EUd?
(d)E?????  = 0?????
59
????????????????????? (? 56)????  !  1?  ! 5?
??????????? =  1?????????????????? Et = Et0 =
EUd = E = 0???? = 5??????????????????????????
?Et = Et0 = 0?EUd = Ud?E = 4???????  = 0?? ?????????
??  = 5???????????????????(t0;) =(0, 2)? (0.2, 2)?????
?????????(t0;) =(0, 4)? (0.2, 5)????????????
(t0;) =(0, 2)? (0.2, 2)????? 56(a)???Et???????????????
???????????????????????????????????????
???????????????????? ??????? (  5)?????????
?????Et? ( > 0:5?)???????????????????? 56(b)? t0 = 0
????Et0 = 0??? (t0;) =(0.2, 2)????????Et????????????
??Et0???????????? nO??? [? 53(b)] ????????Et0?Et???
??? ????????????????? < 0:5???????????????
EUd [? 56(c)]???????????????????????? ?????????
????????????????????? nCu???? [? 53(b)]??? ???
????????????? ???????????????????????E[?
56(d)]? nO?????????? 53(b)??????????????? ?????
?????????
???(t0;) =(0, 4)? (0.2, 5)???????????Et? ?=-0.5???????
?????????? = 0??????????  0??????????? =  0:5
????????? (t0;) =(0, 2)? (0.2, 2) ?????????????Et?   0?
??????? = 0??????????????????????????????
????????????????  0?????????? ??????????
??????????????Et??????????????????Et?????
???????Et0? t0 = 0:2????  0??Et?????????????????
????????????EUd?????????????????????????


































j;i=NCu? nO = hNpi=NCu( = 0???? nCu+nO = 1) ??
???????? 58(a)?? 58(b)????????? nCu????????????
??????????t0?????? nCu?????????nCu = nO ??????
???????????? nCu? nO????????????????Ud = 5? 10?
????????????
???t0??????m????? (? 59)???????????????t0???-
?????????Hxypp ???????????Et0 = hHxyppi=NCu??????????
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? 58: nCu? nO?????????? t0????????????????????
















































































? 61: ?????????????? Ud????????m??????? t0??
??????????
? 57?? 61??????????? (PM)??????? (AF)?????????
??????? 62??????????????????? Ud?????????
???? > 0????? t0???????????????????????????
?????????t0?????????? (? 63)?t0???????????????
??????????????????????????????? 64? t0????
???????????t0 > 0????? t0????????????????????
??????t0 < 0 ???? t0 =  0:2??? t0 = 0????????????????












































??????????? t0 =  0:1?????????? Ud????????????
???????????????????????????????????????
?????????? 58???????? < 0?????????????????
????????????????????????????????????????

























???????????????????? 57???t0 = 0?????????m?
????????????????????t0 6= 0?????????????? 65?
????????????????????????? t0 = 0? 0:2?????????
?????????????????????????????????????? t0?
????D??????????????????????????????????
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? 66(a)? t0 = 0????????????????????????????????
????????????????????????m???????????????
????????S(;)?? 67??????????????????????????




 ! 1????????????????????????? (??)???????
???????????????? (????)??????????????????
?????????????Ud???????? = 0???????? 1??????
?????????????? (????????)???NCu 2NCu 1 ???????
? [97]???????????????? ????m?????????????
????( =1?????? NCuCjNCu Nhj  2jNCu Nhj ?????????????m
??????)
??????? ??????????Hd-p?  = 0??????-???????
?????PCPSPJAF?  = 0 ?????  > 0?  < 0?????????????
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? 67: ???????? Sq? q = (; )????????????
66
t0-????????????Ud???????????????????t0 > 0??
???  < 0???  > 0???????????????????????????
????????t0?????????????????????t0 > 0?  > 0???
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δ
? 68: t0-???????????(a)Ud = 5?(b)Ud = 10?????  = 0?????
? 69??Ud-????????????t0-?????? t0 > 0??? [? 69(c)]??
????????????????????t0 < 0??? [? 69(a)]?????????
???????????????? t0 > 0? = 0??? [? 69(c)??]? < 0???
??????????????????????? 70?d-????????????
t0 > 0??? (??)??  < 0????????????????t0 < 0???????
 > 0???AF????????????
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? 71: ?????????????????????????????(a)t0 =  0:2??
?? = 0?Ud = 5??????????????????????????(b)t0 = 0?
(c)t0 = 0:2?(d)t0 = 0:4?
 = 0??????????
? 72(a)?  = 0???? ??????????????????????n1k ?
 =  1????????? (??)??????????X???M??  ?????





??????????????Ud?????? n1k ?X?? (=2; =2) ???????
???????????????
 6= 0???????????
? 73? = 2? Ud = 10??????????????????????? (??
??????????? C?? 103??????)? < 0????? [? 73(a)]???
???? X??????????????????????????????????
(=2; =2)????????  = 0????????????????????????
????????????????????????????????????  > 0?

















































? 72: (a)t0 = 0:2?Ud = 10??????????? n1k ?????(b)t0 = 0:2? = 2





























































? 73: t0 = 0:2? = 2?Ud = 10???????????n1k ?????????(a)  0?
(b)  0?
(0;)? (; 0)????????????????????????????????
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EAF SC = EAF   ESC (78)
???????????? EAF?????????????? PCPSPJAF?????
?????????ESC?????????????? P 0CPSSC??? PCPSPJSC?
??????????????????EAF SC?????????????????
????????????????????








???????????????? = 2  3????????????????? (M
???)??????L = 12??? 10???????????????????????





(t0 = 0:4?????????? X??????????????????)????
? 1.2.1???????? t0 > 0???????????????????????  ?
???????? (? 19??)??????????????????L = 10????
????????????????????????????PCPSPJSC??????
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? 75: P 0CPSSC???????????????????????M?????
??????? [? 77(b)]???????????????? 1???????????
??PCPSPJAF????????? t0 = 0????1?? 2????????????












EAF SC = 0???????????????P 0CPSSC????????EAF SC?
????????PCPSPJ???????????????????????????
??????????????????????????????????!1?







???????????? 78??PCPSPJSC? nCu?nO?????????P 0CPSSC










































































































? 76: P 0CPSSC?????????? n1k ?(a)t0 = 0?(b)t0 = 0:2?(c)t0 = 0:4????
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? 78: ???????????????????? 3 ?????? P 0CPSSC?
PCPSPJSC?PCPSPJAF???????????????????????PCPSPJSC
??????m?P 0SC???????M????????










??????? Ud = 10????? = 2  3?????????????????

















































P’CPSΦSC,   5
P’CPSΦSC, 10





????????Pd???????? = SC?????? S(;)?????????


























P’CPSΦSC, Ud=10, L=10, δ=0
P
d
















? 80: P 0CPSSC??????????????? (??)????????? Sq? q =





???????????Pd??????????3  Ud  8???? Pd??????
????????????????????????? Ud?????????????
???
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?? Pd = 0????????????? 82?EAF SC? Ud???????????
???EAF SC  0????Ud = 0??????????????????????
? (??)?????????????EAF SC = 0????Ud?????? jEj??
???????????????????????????????(t0;) =(0, 1)?(0,
2)?(0.2, 2)?????PCPSPJSC????Ud = Um??????????????








???????????????  = 0?????????????????????
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SC, 0.2  2
SC, 0.2, 3















?? jEAF SCj??????????? = 0?? jj???????jEAF SCj??











































? 84: PCPSPJSC?PGSC???????? ????
??????????????????? 85?Pd? ??????????Ps???
??????????????????????????????(t0;) = (0; 2)?(0:2; 2)
? (0:2; 3)?????  = 0?????????? Pd????????????????
???????????? jj = 0:15???????????????????????
????????????????????Pd?????????????? [?? [57]
? Fig. 12]????t0 = 0:2?? = 2?????  < 0???? Pd????????
?????  > 0????????????????????????  < 0???
???????????????????????????????t0 = 0:2?? = 2
???? ???????????????????  > 0????????????







?????????????????????  > 0????  < 0?????????
????????????(ii)??????????????????????????


















































??? t0 = 0?Ud = 10????????

















????? Pd????????max???????????? Pd????? jj??
??????????max? jj??????? 0    6????????????
????????????????????????????????????????
???????max??????????? Pd????? ???????????
 < 0?????????????????????????????????? 1?
????????????????????????????
? 87? Pd??????? ????????????????????????
88????? 85????? < 0???? Pd???????  > 0?????????
???????????? < 0????????Pd?????? jj???????
??? = 1:5?????  = 0? P 0CPSSC??????????? (? 80)????
? 0:3 .  . 0:26???????????????????????????????
???????????????????????????????????????






































































































































EFS-Eddw, t′=0, Ud=10, δ=0























































? 89: ???????????????????? (a)??? (b)????????




E = EFS   Eddw (82)
?????E > 0???????????????????????????P5 ??
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???????????????????????????????Et0 [? 91(b)]? t0
????????????????????????jEt0 j???????? jEtj?
???????????????? jt0j???????????????? < maxddw?
???Et0? t0?????????t0???????????????? > maxddw???































































? 92: ????????????? (a)?????????????????????
????(b)????????? (??)??????? (??)??????????
??????????-????????? ( = 3:6)?????
??  = 0?????????????-????????????????????
??????? 92? t0 = 0??????????????????????????
????????X ?????????????????????????????
??????????(=2; =2)???????? . 3:6?? n1k ?????????
??????? & 3:6?????????????(=2; =2)???? n1k ?????

















h pyj+y^=2;pj x^=2; + pyj y^=2;pj+x^=2; + pyj y^=2;pj x^=2;   pyj+y^=2;pj+x^=2;   H:c:i:
(84)




??? t0???????????????t0  0????? j1? j2??????????
????????????????????????????????????? j1?




























































? 94: P5PCuPOddw????????????(a)j1????? t0 = 0???? f() =
a=(   b) + c??????  2:8???????????????????????
??????? c??? c = 0:00410????(b)j2????? t0 = 0:2???? f() =
a=(  b)+ c??????  3:6?????????????????????????









???????????????? [? 96]??????Et[? 96(a)]?Ud  Uatddw ??
??????91(a)???????????????????? [?91(a)??] Ud  Uatddw
?E[? 96(d)] ????????????????????? = 4????E?
Ud  Uatddw??????????????? = 3:5??Uatddw??????Ud?E?
?????????t0 = 0????? 97??????t0 = 0???????????Uatddw
?????????????????Et0 [? 96(b)]?Et?????????????
??????Ud & Uatddw????????????EUd [? 96(c)]??????????








?????Ud = 0?????????????????????? j1 = j2 = 0????




94?? 98? f() = a=(   b) + c? f(Ud) = a=(Ud   b) + c????????????
????????c???? 98(a)???????????Ud !1????? j1 6= 0?
?????????
?????????????????????????????????? 90???
?E????????? (t0;) =(-0.2, 2.5)?(0, 3.5)?(0.2 ,4)?????? 99???
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t′,   ∆  
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? 98: P5PCuPOddw???????? Ud????(a)j1????? (t0;) =(0, 3)??
?? f(Ud) = a=(Ud  b) + c??????Ud  9??????????????????
???????????? c??? c = 0:01945?(b)j2????? (t0;) =(0.2, 3.5)??
?? f(Ud) = a=(Ud   b) + c?????? Ud  11?????????????????
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?????????????????????????????????  = 0???
(???????????? T ???????????????)??????????
?????????????????? (t0;)??????????????????
?????????????????????? Ud = 10(???)?L = 10??????
???????????????????? Ud = 10? L = 10???????????
????????????????????????P5PCuPOloop?????????
???????? 41(b)? (c)???I ??II ?????????????????
????????
??????? (? 101)????? (t0;)???????????????????
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(1  ndj")(1  ndj#) + Up
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??? P (R) = j	(R)j2=PR0 j	(R0)j2????? (39)?? (37)??????











35 (1  H) j	i
??????????















? 103?m?????????L = 10? 12???????????????????
?????????m????? ???L = 10? 12????????????L = 10
? 12?????????????????????????????????????




































? 103: ???????????????????? = 1? 2????????(?
















































ncu = nCu(PCPSPJAF)  nCu(P 0CPSSC) (90)
??????nO?Et ?Et0?EUd?E?????????
PCPSPJAF?P 0CPSSC????? nCu? nO???? 104(a)?(b)????????
???? P 0CPSSC? = 1? 2????????????????????????
 = 0????????????????  1? = 2???????????
???  1???????? = 0?????P 0CPSSC?????????????
?????????????????????? 104(a)??nCu?????? 6= 0?
????????????????jj???????????????????????



















































??? y = 0????
99
????nCu???? jj???????????????????????????
??EAF SC????????????? 105(a)?? (c)?????? 105?????
????? 105(a)?Et????? = 0??????P 0CPSSC??????????
????Et > 0???????????jj???????????????????
??????????? 105(b)???EUd?????EUd????????????




?? = 2??????????????  = 0????? 104(a)?? nCu????
?????????????????????? 106????????????????
???????????????????????????????????????





???????????  = 0???? nO = 1  nCu??????????
 6= 0????????nCu? jj????????????????????  > 0



























































P92 ???????????????P9 ?????? 2??????????????
????P8?P5 ????
???????????????????????? 111?????????????
??????? P9 ? P92 ?????????????? P8 ???????????
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